Abstract: The aim of this study was to compare the effectiveness of high speed (HS) and air abrasion (AA) instruments on groups of teeth (deciduous, permanent, bovine), in terms of preparation time, topography and presence of smear layer. Each group consisted of 5 teeth that had their buccal/lingual surfaces prepared by using either HS or AA. All procedures were standardized and timed. The teeth were then sectioned and prepared for evaluation of both the topography and the presence of smear layer by scanning electron microscopy. As regards preparation time, HS yielded preparations 1.5 times quicker than AA did on the three types of dental substrates (Wilcoxon test, p < 0.05). In both techniques (KruskalWallis Test, p < 0.05) the preparation time was influenced by the dental substrate, particularly in deciduous teeth (Mann-Whitney test with Bonferoni's correction, p < 0.017), which required a longer preparation time.
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Introduction
The development of caries removal techniques has become increasingly conservative and biological. This has been made possible by a better understanding of the etiology and prevention of dental caries. In addition, an advanced concept of cavity preparation has emerged as a result of the introduction of acid-etching techniques, adhesive restorative materials, and the development of new cavity preparations systems, such as air abrasion systems. 1 According to Eick et al. 2 (1972) and Nakabayashi et al. 3 (1982) , the structural integrity and surface characteristics of the tooth after caries excavation may be relevant to the adhesiveness of the restorative material to be used. Therefore, it should be borne in mind that even an ideal cutting instrument must fulfill the requirements established for both patient and practitioner, despite the development of alternative cavity preparation techniques. 4 Moreover, speed and effectiveness of carious tissue removal, 5 resulting in satisfactory morphology with minimum formation of smear layer, so that the adhesive restorative materials can be properly applied, are important features 6 for preparing a dental cavity without interfering with tooth restoration. Furthermore, the increasing use of different dental substrates (bovine, deciduous, and permanent teeth) in research emphasizes the importance of cavity preparation techniques when such teeth are involved.
By taking factors such as these into account, the aim of the present study was to compare in vitro the effects of high speed and air abrasion instruments on deciduous, permanent and bovine teeth, in terms of preparation time, topography, and presence of smear layer.
Material and Methods
This study was conducted after being approved by the local Ethics Committee. Altogether, 15 teeth (5 deciduous teeth, group D; 5 permanent teeth, group P; and 5 bovine teeth, group B) were selected using a light microscope (40 X), and none of them were found to have structural alterations. All the teeth were stored in physiological solution (changed every week) until the beginning of the experiment.
The teeth were sectioned mesiodistally by using a double-faced diamond disc (KG Sorensen, São Paulo, SP, Brazil) obtaining two surfaces (buccal and lingual) that were fixed on acrylic bases. Class V cavity preparations (n = 30) were randomly performed on the buccal and lingual surfaces by one operator only. The instruments used were a diamond tip (1061, KG Sorensen, São Paulo, SP, Brazil) mounted on a high speed device (605 extra torque, Kavo, Joinville, SC, Brazil) (n = 15) and an air abrasion system (RONDOflex 2013, Kavo, Biberach, Riss, Germany) with a 120° tip, 0.64 mm in diameter. Air abrasion was carried out with 50 µm aluminum oxide grains at a pressure of 80 psi and distance of 1 mm from the tooth surface.
As regards the cavity preparations, the dimensions were standardized to 2.0 x 2.0 x 2.5 mm by using a millimetric probe (Hu-Friedy, Zweigniederlassung Deutschland, Leimen, Germany) for measuring the depth, and digital caliper (Mitutoyo, Tokyo, Japan) for measuring width and length.
The diamond tips were changed after every 5 cavity preparations and the air abrasion instrument was cleaned after every 2.
The time spent on each cavity preparation was recorded with a chronometer (Technos, Manaus, AM, Brazil) and the data were then tabulated. The Wilcoxon (p < 0.05), Kruskal-Wallis (p < 0.05), and Mann-Whitney tests, as well as Bonferroni's correction (p < 0.017) for non-paired correlation, were used for statistical analysis of instruments and substrates.
Topographic evaluation of the cavity preparations was based on photomicrographs and quantitative and qualitative parameters were taken into account.
With regard to the qualitative topographic analysis, the cavities were cervicoincisally sectioned into 60 fragments. Next, these samples were prepared for examination by scanning electron microscopy (SEM) (JEOL -Model JSM -5310, Tokyo, Japan). At a 35 X magnification, the topography of the cavities could be externally observed. At a 2,000 X magnification, the dentine of the different substrates could be internally observed.
The quantitative analysis was performed by two investigators, based on the photomicrographs (2,000 X) of the smear layer (Kp = 0.98), and scores were adopted 7 according to McNemar's chi-square test (p < 0.05).
Results
With respect to preparation time (Table 1) , it was found that the high speed instruments yielded cavity preparations, on average, 1.5 times more rapidly than the air abrasion instruments with regard to the three types of dental substrates. The dental substrates influenced the preparation time irrespective of the instrument used, and cavities involving permanent teeth were prepared more rapidly than those in bovine and deciduous substrates. Delay in preparing deciduous teeth was found to be statistically significant.
With respect to topography, descriptive analysis of Groups D, P, and B showed that the high speed instrument yielded more uniform, U-shaped cavities with defined cavosurface and inner angles, as well as grooves on both enamel and dentine (Figure 1 ), whereas the air abrasion system yielded more irregular, W-or V-shaped cavities with cavosurface and internal contours forming a margin around the cavity preparation. Moreover, enamel and dentine had an irregular aspect with the presence of aluminum oxide ( Figure 2) .
With respect to the smear layer, both instruments yielded its formation in all teeth (χ 2 McNemar, A C B p > 0.05). However, descriptive analysis revealed different smear layer formations depending on the instrument used. The smear layer produced by the mechanical rotary instrument (HS) was shown to be an amorphous layer on the dentine surface. This compact and non-organized layer was apparently adhered to the dentine surface ( Figure 3 ). On the other hand, the smear layer produced by air abrasion was found to be associated with the presence of aluminum oxide, apparently less adhered to the dentine surface than the smear layer produced by the mechanical rotary instrument (Figure 4 ). 
A B C Discussion
Although bovine teeth have commonly been used in research on permeability, 8 adhesiveness, 9 morphology and microleakage 10 due to the difficulty in obtaining human permanent and deciduous teeth, 9 studies comparing the effects of different preparation systems on bovine teeth are still scarce.
According to Yazici et al. 11 (2002) , as morphology and nature of the dentine surface are the main factors in performing adhesive techniques successfully, it is important to know the type of dentine surface obtained after using cutting instruments, so that alternative treatments, specifically designed for better adaptation and adhesion of restorative materials, can be applied, 12 which justifies the present study.
Differently from the new techniques for removing carious tissue, the effectiveness of high speed rotary instruments yielding precise cutting, defined angles, and a rough surface are well established in the literature. 13 Moreover, the outcomes from such instruments can be used as analysis parameters since they are widely used and accepted by dental practitioners.
Effective cutting is known to be largely related to the ease with which a given instrument removes tooth tissue, that is, minimum effort in a short time. 13 However, it is very difficult to establish the time spent on preparing a cavity with either high speed or air abrasion instruments. In general, studies report that both preparation systems are fast and secure by evaluating the pre-fixation time 14, 15 or analyzing the time/weight relationship. 16 In the present study, sample dimensions were standardized, and time measurements were also recorded.
Although there were small differences regarding preparation time between the three substrates, the time involved in preparing the deciduous teeth was significantly different. This can be explained by the absence of an instrument fixation apparatus. As a result, the operator had to be more careful when preparing the deciduous substrates because of their anatomy, size and smaller thickness. This situation is indeed the clinical reality that dental practitioners face when handling such teeth.
It was observed that the high speed instrument was 1.5 times quicker than the air abrasion in preparing dental cavities, thus corroborating another study. 15 However, the results of air abrasion preparation time were not found to be very different, since it tended to become shorter as more preparations were performed (Table 1) . Therefore, these results demonstrate that air abrasion can be considered a faster system in comparison with other alternative methods of cavity preparation, such as the ultrasonic abrasion system. For instance, in two studies performed in 2004 17 and 2005 18 comparing ultrasonic abrasion with a high speed system, Vieira et al. 18 (2005) found that the high speed system was 7.9 and 4.9 times faster, respectively, than the ultrasonic abrasion system, thus evidencing the effectiveness of air abrasion in clinical practice.
According to Yazici et al. 11 (2002) , SEM observation of the dentine surface treated by different caries removal techniques helps explain the adhesive mechanisms involving composite/dentine. Since the behavior of the three types of teeth studied was found to be similar with regard to topography and presence of smear layer, this suggests that different substrates can be compared with each other.
With respect to the instruments used for cavity preparation, it could also be observed that both high speed and air abrasion systems yielded smear layer formation. However, both instruments left morphologically differentiated smear layers on the dentine surface, which was also corroborated in other studies. 4, 6, 11 High speed instruments yielded U-shaped cavities with well defined cavosurface and inner angles, 19 presence of smear layer, 18 grooves on the surface left by the diamond tip, and fissures and microfractures on enamel. 18, 19 Watson, Cook 20 (1995) explain that this results from compression and relaxation usually caused by diamond tips and drills. Fissures and microfractures existing in the cavity walls would be the result of changes in the dental surface due to the high impact and cyclic stress caused to the tooth during the use of diamond tips at high speed. These are all disadvantages associated with microleakage and postoperative sensitivity.
On the other hand, the topographic characteristics of both enamel and dentine following air abrasion preparation were conservative, 21, 22 exhibiting irregular surfaces due to the impact of aluminum oxide particles. 21 Moreover, a great number of such particles were observed on the dental surfaces, which is corroborated by Yazici et al. 11 (2002) but not in another study. 19 Nevertheless, the most relevant characteristic reported by the previous studies of air abrasion, 19, [21] [22] [23] and also confirmed by the present study, was a round-shaped margin. This round contour not only favors adhesion and restoration placement, which reduces microleakage, 24, 25 but is also considered important for the longevity of adhesive restorations 26 when associated with typical air abrasion cutting characteristics, namely, rough surfaces and a halo effect. 19 This longevity is explained by a reduced incidence of fractures in comparison with cavity preparations that have defined acute angles. A round contour enables a gradual transition between tooth and restoration, and polymerization shrinkage stress is also diminished.
Restoration material bonding to the dental structure is an important factor in achieving a clinically successful treatment. According to Al-Omari et al. 27 (2001), such a bonding depends on several variables, including cavity geometry and type of bonding agent. The authors also suggest that dental topography can influence the quality of the adhesive systems. Therefore, further studies of the behavior of the different adhesive systems (self-etch and total-etch) on dental surfaces treated with either high speed or air abrasion instruments are of crucial importance, specially because of the particular characteristics resulting from such cavity preparation techniques.
Conclusion
Based on the methodology of the present study, it was observed that the high speed technique was faster than the air abrasion technique for cavity preparation. No difference was found between the three dental substrates with regard to topography and presence of smear layer. The differences found in the present study were only in relation to the effects of the instruments used, since they determined the topography of the surface and type of smear layer.
